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(54) METHOD OF POWER SUPPLY FOR ELECTRONIC SYSTEMS AND DEVICE THEREFOR 



(57) The invention relates to a method and appara- 
tus that provide autonomous power supply by convert- 
ing energy of sources of a non-electrical nature into the 
electric energy using charge generators. For such 
apparatuses, as charge generators can be used piezo- 
electric elements, triboelectric elements, as well as radi- 
oactive sources of charged particles that do not require 
periodic replacement or re-charging - in contradistinc- 
tion to the conventional sources of power supply, gal- 
vanic batteries. Charge generator (1 ), when activated, 
produces a portion of electric charges q having a high 



electric potential Uin, which portion is applied to the 
input of charge energy converter (2). The function of the 
converter (2) is to increase the initial value of charges q 
up to value of Q, with simultaneous reduction of their 
potential to Uout value, which less than Uin. For the pur- 
pose to store charges Q obtained as a result of the con- 
version, which charges Q are needed for the electronic 
systems power supply, electric charge storage (3) is 
positioned at the output of the apparatus. 
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Field of Invention 

[0001] The invention relates to means of autono- 
mous power supply for electronic systems, and in par- 
ticular to a method and apparatus to provide power 
supply for microelectronic charges. 

Prior Art 

[0002] Evolution of microelectronics has presently 
reached the point whereat for power supply of certain 
(e.g. CMOS) microelectronic circuits, that execute small 
volumes of computation, an extremely little amount of 
electric energy fortheir power supply is required. There- 
fore efforts are currently made to provide autonomous 
electric power supply for such microcircuits, using, for 
example, small-sized galvanic power sources integrated 
in their casing. 

[0003] A drawback of such apparatus is a limited 
service life of a galvanic source. 
[0004] In this connection, noteworthy are the 
attempts to abandon the short-life galvanic power sup- 
ply sources and utilise small-sized apparatuses trans- 
forming energy of the sources of the non-electrical 
nature into the electric energy so that to obtain a small 
portion of electric charge that would be sufficient to pro- 
vide power supply for an electronic system for a brief 
period. 

[0005] Known, for example, are a method and 
apparatus to provide power supply for an electronic sys- 
tem through the use of an induction generator based on 
a stepping motor (US patent No. 5,061 ,923, cl. H 04 Q 
9/00, 1 991 ). In said apparatus, for providing power sup- 
ply for an electronic system used is a mechanical rota- 
tion of rotor of the mentioned motor, which rotation 
allows to induce at the stator winding output an electric 
voltage that is sufficient to provide power supply for an 
electronic system. For a number of apparatuses these 
mechanical movements is a cumber, and the other 
drawback are relatively large dimensions and a high 
cost of such motor that restrict utilisation of power sup- 
ply sources of such type. 

[0006] Known also are a method and apparatus for 
generating current pulses to activate a light-emitting 
diode (US patent No. 4,595,864, cl. H 05 B 37/02, 
1986). In said apparatus, an impacting mechanical 
action effected upon a piezoelectric element produces a 
current pulse, which pulse by a pulse transformer is 
converted into a current pulse needed to activate a light- 
emitting diode. In this apparatus, a pulse transformer, as 
the single element of the circuit, serves as a matching 
element necessary to provide the efficient passage of a 
current pulse from a piezoelectric element with a high 
output impedance to a light-emitting diode with a low 
input impedance. However, this known teaching is not 
intended ;„r storing the electric energy produced by a 



piezoelectric element and needed to procure the steady 
power supply for electronic systems. 
[0007] The method that is the most proximate to the 
invention is a method of power supply for an electronic 
5 system, which method consists in converting a non- 
electric energy into the electric one and storing the elec- 
tric charges to provide power supply for an electronic 
system (application EP No. 0,725,452, cl. 1 : 01 L 
41/1 13, 1996). A power supply apparatus for an elec- 
10 tronic system that realises said method comprises an 
electric charge generator using the piezoelectric con- 
version of the mechanical energy into the electric 
energy, and an electric charge storage, the output of 
which storage is the apparatus' output. 
75 [0008] However, the known method and apparatus 
are of a little efficiency for providing power supply for 
electronic systems. The cause is that piezoelectric ele- 
ments, in contradistinction to galvanic sources or induc- 
tion generators are not sources of electromotive forces 
20 (potentials), but are generators of an electric charge. 
Besides, the value of a portion of an electric charge pro- 
duced by a piezoelectric element is determined by one- 
time external mechanical action, and the electric poten- 
tial emerging at output of such charge generator is 
25 directly proportional to a value of said charge and 
inversely proportional to the value of generator's output 
capacitance. In particular, piezoelectric elements allow 
to obtain the charges having small values with a very 
high electric potential of the order of several thousand 
30 volts. It is not possible to use such high-voltage source 
for providing the direct power supply for low-voltage 
electronic systems, such as, for example, microelec- 
tronic circuits. The immediate connection to a piezoe- 
lectric element of a buffer load electric capacitance for 
35 the purpose to store therein a charge needed for power 
supply for a low-voltage electronic system is not effi- 
cient, for the charge portion repeatedly produced by a 
piezoelectric element is very small, so that for storing a 
large charge required is a multiple and, accordingly, pro- 
40 longed mechanical action to be effected upon a piezoe- 
lectric element, i.e. required are numerous mechanical 
depressions or impacts thereon (and in a mechanism 
according to application EP No. 0,725,452, cl. H 01 L 
41/113, 1996 just these steps are implemented). 

Disclosure of the Invention 



[0009] The object of the invention is to provide a 
method and apparatus to provide power supply for elec- 

50 tronic systems, allowing to significantly improve effi- 
ciency of electric power supply sources implemented on 
the basis of apparatuses for converting the energy gen- 
erated by sources of energy of the non-electric nature, 
into the electric energy. 

55 [001 0] To this end, in a method for providing power 
supply for an electronic system, which method consists 
in conversion of a non-electric energy into the electric 
one and in storing a required quantity of electric 
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charges for the electronic systems power supply, in 
accordance with this invention the conversion of a non- 
electric energy into the electric one is carried out by 
generation of electric charges having a high electric 
potential, by conversion of the produced charges 5 
energy, which conversion is accompanied with an 
increase of quantity of electric charges and a reduction 
of their electric potential, with subsequent storing 
thereof at output of said power supply source, so that 
power supply for an electronic system will be provided. j 0 
[0011] Conversion of a non-electric energy, in par- 
ticular, mechanical energy into the energy of electric 
charges having a high electric potential can be done 
using a piezoelectric or triboelectric conversion. 
[0012] Also of interest is the use of high-energy 15 
charged particles, which particles come into being as a 
result of a radioactive decay of a matter, as the charges 
having a high electric potential. 

[001 3] An apparatus that embodies such method of 
power supply for electronic systems, comprising a gen- so 
erator of electric charges which converts energy of the 
non-electric nature into the electric energy of charges 
having a high electric potential, and an electric charges 
storage, according to this invention further comprises a 
converter of energy of these charges, input of which 25 
converter is connected to output of a charge generator, 
and output of said converter is connected to input of the 
electric charge storage, output of which storage is the 
output of the apparatus. The charge energy converter is 
capable of increasing the quantity of the initial electric 30 
charges coming to its input from the charge generator, 
and of decreasing their electric potential. 
[0014] The basic possibility to attain the above- 
mentioned technical result can be explained basing on 
the energy conservation iaw for the conversion of the 35 
electric energy pursuant to this invention, which conver- 
sion, ideally, has the following form 



Uin=Q*Uout, 



where q and Uin, respectively, are a charge and its 
potential at input of a charge energy converter, and Q 
and Uout, respectively, are a charge and its potential at 
output of said converter. Basing on this condition, it can so 
be assumed that for the purpose to increase (multiply) 
the number of charges at output of the charge energy 
converter, i.e. so that Q > q condition will be satisfied, it 
is necessary that the potential at input of said converter 
Uin will exceed the potential at its output Uout. The 55 
Uin>Uout condition is easily realisable technically, for 
the potential of the charges produced by charge gener- 
ators, such as piezoelectric elements or triboelectric 



elements, is inversely proportional to the own capaci- 
tance or load capacitance and is able to reach several 
thousand volts, while the potential needed to provide 
power supply for electronic systems, in particular micro- 
electronic circuits, is only several volts. Efficiency of the 
charges quantity multiplying process will be determined 
by efficiency of said converter in respect of the process 
of transfer of electric energy of the initial charge from 
input of a converter to its output. 
[0015] An electric charge storage in said apparatus 
can be implemented as an electric capacitor. 
[0016] In one of the versions of embodiment of an 
apparatus for electronic systems power supply, a 
charge energy converter is implemented as a step- 
down transformer, the primary winding of which trans- 
former is connected to output of an electric charge gen- 
erator, and the secondary winding of which is 
connected through a rectifier to an electric charge stor- 
age. Such converter is efficient when a charge genera- 
tor produces brief high-energy current pulses. 
[0017] In another version of embodiment of an 
apparatus for electronic systems power supply, a 
charge energy converter is implemented as a semicon- 
ductor converter, the input region of which converter, 
connected to output of an electric charge generator, is 
defined by a semiconductor structure intended for stor- 
ing the charges from the electric charge generator and 
for forming the avalanche break-down process when in 
the semiconductor structure the threshold voltage is 
exceeded; and the output region of the semiconductor 
converter is defined by the region of separation and 
storing of the secondary charges that are formed as a 
result of the avalanche break-down, and is connected 
via a rectifier to the electric charge storage. The semi- 
conductor converter input region can be defined by var- 
ious structures, for example, by inversely-shifted p-n 
transition, other types of diode structures, as well as by 
a transistor, or thyristor structure, that will provide a 
sharper avalanche process of electric charge rnultiply- 

[0018] A charge energy converter can be also 
implemented as a plurality of capacitors provided with a 
switch device for switching capacitors from the series 
connection needed to store charges from a charge gen- 
erator to subsequent parallel connection allowing to 
reduce the charges potential at output of a converter 
and in this way to use the whole charge stored in each 
individual capacitor to a more complete extent. In this 
version, the electric charges' energy produced by a 
charge generator is used most efficiently. 
[0019] An electric charge generator can be imple- 
mented as a piezoelectric element, triboelectric ele- 
ment. Also of interest is the use of such actually 
inexhaustible, in terms of capacity, generator of electric 
charges with a high electric potential as, for example, a 
radioactive source of charged particles, which source 
can be implemented as a capacitor, one of the plates of 
which capacitor comprises a radioactive matter emitting 
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charged (3 - particles, the other plate being their collec- 

[0020] Two latter types of an electric charge gener- 
ator produce charges at a relatively slow rate, and for 
this reason it is advisable that a series of the above-dis- 
cussed charge energy converters would be comple- 
mented with a short-pulse driver positioned between 
the electric charge generator output and input of an 
electric charge energy converter implemented similarly 
to a gas-discharge tube, or in the form of a semiconduc- 
tor threshold element, for example, a thyristor. 

Brief Description of Drawings 



Fig. 1 - block diagram of an apparatus for electronic 
systems power supply, wherein the claimed method 
of power supply for electronic systems is realised, 
comprising conversion and storing of electric 
charges. 

Fig. 2a - an apparatus for electronic systems power 
supply, wherein a charge energy converter is imple- 
mented on the basis of a step-down transformer. 
Fig. 2b - an apparatus of electronic systems power 
supply, wherein a charge energy converter is imple- 
mented on the basis of a step-down transformer, as 
complemented with a threshold element. 
Fig. 3 - a version of an apparatus for electronic sys- 
tems power supply, wherein a charge energy con- 
verter is implemented on the basis of a 
semiconductor structure. 

Fig. 4 - an apparatus for electronic systems power 
supply, wherein a charge energy converter is imple- 
mented on the basis of a plurality of capacitors. 



Preferable Embodin 



s of the Invention 



[0022] Referring to Fig. 1, an apparatus for elec- 
tronic systems power supply comprises charge genera- 
tor 1 , output of which generator is connected to input of 
charge energy convener 2, and output of converter 2 is 
connected to input of charge storage 3, output of which 
storage is the output of the apparatus. 
[0023] An electric charge storage can be imple- 
mented as an electric capacitor, as well as in the form of 
a more sophisticated system, comprising accumulating 
storages with galvanic or super-ionic elements. 
[0024] According to Fig. 2a, an apparatus for elec- 
tronic systems power supply, wherein a charge energy 
converter comprises transformer 4, the primary winding 
5 of which transformer is the input of the converter, and 
its secondary winding 6, coupled to rectifier 7, forms the 
output of said convener, which output is coupled to stor- 
ing capacitor 8 being the output element of said appara- 
tus. 

[0025] Fig. 2b shows an apparatus for electronic 
systems power supply, as implemented according to the 



arrangement shown in Fig. 2a and complemented with 
threshold element 9. 

[0026] fn an apparatus for electronic systems power 
supply according to Fig. 3, a charge energy converter is 
implemented as a semiconductor structure having sub- 
strate 1 0 of n-type, with epitaxial layer of p-type. In epi- 
taxial layer 11 formed are rectifying contact 12 
implemented as p-n-transition, and ohmic contact 13. 
Contacts 12 and 13 form the input of said convener. 
Output storing capacitor S of said apparatus is coupled 
by one terminal to substrate 1 0, and by the other termi- 
nal via rectifier 14 to rectifying contact 12. 
[0027] Fig. 4 shows an apparatus for electronic sys- 
tems power supply, wherein a charge energy converter, 
comprising a plurality of n identical capacitors 15 can 
be, using switching means 16, transformed into an 
assembly with the series connection of these capaci- 
tors, when all switches are set in position I, or into an 
assembly with parallel connection of the capacitors, 
when all switches are set in position II. To the output of 
said converter, via rectifier 14, connected is output stor- 
ing capacitor 8. 

[0028] According to Fig. 1, conversion of a non- 
electric energy into the electric energy is performed by 
generator 1 , which generator is implemented as being 
capable of producing electric charges q with a high elec- 
tric potential Uin. The charges q produced by generator 
1 are supplied to the input of charge energy converter 2, 
which converter is capable of increasing the initial quan- 

) tity of electric charges and of reducing their electric 
potential at the output of converter 2. Electric charges Q 
from output of the convener are delivered to input of 
storage 3 of these charges; said storage piays the role 
of the output buffer of the apparatus for electronic sys- 

> terns power supply and is intended for storing and keep- 
ing eSectric charges. Input of storage 3, as mentioned 
heretofore, is the output of the apparatus for electronic 
systems power supply. 

[0029] Electric energy converters of an apparatus 

3 for electronic systems power supply according to Figs 
2a and 2b are operated in the pulse mode. If activation 
of charge generator 1 results in creation of a high- 
energy current pulse, then when such current pulse is 
applied to the primary winding 5 of transformer 4, in this 

s case owing to the electromagnetic transformation of the 
pulse energy in the secondary winding 6 of transformer 
4 provided is a pulse of electromotive force. Whereas 
the number of turns in the secondary winding 6 is less 
than that in the primary winding 5, the electromotive 

•o force amplitude in the secondary winding 6 will be less 
than that of the input voltage, and the current amplitude 
in the secondary winding will exceed the current ampli- 
tude in the primary winding 5. Thus, full charge Q in this 
secondary pulse will be greater than charge q confined 

>5 in the primary pulse originating from the charge genera- 
tor. After the secondary current pulse is rectified in full- 
wave rectifier 7, its charge Q will be stored in storing 
capacitor 8. 
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[0030] It activation of charge generator 1 is unable 
to provide a brief high-energy current pulse, then it will 
be necessary to use threshold element 9 coupled in 
series to one of terminals of charge generator 1 and one 
of terminals of primary winding 5 of pulse transformer 4 5 
(Fig. 2b). In this arrangement according to Fig. 2b, the 
current pulse in the transformer primary winding is cre- 
ated as a result of switching (break-down) of threshold 
element 9 when the voltage thereat exceeds a predeter- 
mined value. r 0 
[0031 ] A threshold element in this arrangement can 
be implemented as a tube with a gas-discharge gap, or 
as a semiconductor structure, a thyristor, for example. 
[0032] The version according to Fig. 2b will be 
rather efficient when charge generator 1 is implemented is 
as a triboelectric element, or a radioactive source of 
charged particles. In such generators, the electric 
charge and the corresponding potential at output of a 
generator are stored at a relatively stow rate. 
[0033] In a charge energy converter of an appara- 20 
tus for electronic systems power supply, implemented 
on the basis of a semiconductor structure according to 
Fig. 3, used is the effect of avalanche break-down in 
semiconductors. The use of the effects associated with 
autoelectronic ionisation by collision and avalanche 25 
breakdown in semiconductors promises numerous 
opportunities, which underlie these effects [S.M. Sze, 
Physics of Semiconductor Devices, N.Y., 1981]. In 
accordance with these effects, high-energy electrons 
owing to collisions against the environment molecules 30 
expe! additional charge carriers therefrom, which cir- 
cumstance under certain conditions can result in a 
chain reaction of their avalanche-like multiplying. On the 
basis of avalanche-like instabilities, such known semi- 
conductor devices as thyristor and avalanche diodes 35 
are operated. 

[0034] In an apparatus for electronic systems power 
supply implemented on the basis of a semiconductor 
converter according to Fig. 3, rectifying contact 12 com- 
prises inversely-shifted p-n-transition, on the capaci- 40 
tance of which stored is charge q produced by charge 
generator 1. When the voltage in p-n transition exceeds 
the threshold voltage value, electric breakdown thereof 
occurs, which break-down is accompanied with emerg- 
ing of an avalanche of electron-hole pairs. A portion of 45 
unbalanced charge carriers will flow to ohmic contact 
13. However, if resistance of epitaxial layer 11 is made 
large enough, then the leakage current through contact 
13 can be made smaller than the electron injection cur- 
rent from the heavily-doped n-region of substrate 10 in so 
vicinity of contact 12, which current emerges owing to 
the spatial re-distribution of electric potentials in a struc- 
ture after break-down of p-n transition of rectifying con- 
tact 1 2. The substrate injection current compensates for 
the unbalanced holes current that drift from contact 12 55 
towards substrate 10, and this current will charge, via 
rectifier 14, storing capacitor 8 up to charge Q. For the 
reason that the quantity of the unbalanced charges 



brought about by the avalanche break-down many 
times exceeds charge q preliminarily produced by 
charge generator 1 , such semiconductor converter will 
operate as a multiplier ot charge q. As mentioned ear- 
lier, p-n transition region of contact 12 can be imple- 
mented as another semiconductor structure, for 
example, in the form of an avalanche semiconductor 
diode, transistor or thyristor. The main requirement to 
be fulfiliaci by this structure consists in that its input 
capacitance must be relatively small so that a charge 
having a high potential from a charge generator could 
be stored, and after the excess over a certain threshold 
voltage a current pulse of the break-down of this struc- 
ture could be formed, the process of the charge carrier 
avalanche multiplying being created. 
[0035] In an apparatus for electronic systems power 
supply shown in Fig. 4, a charge energy converter is 
based on switching of a plurality of elementary low-volt- 
age capacitors 15 having capacitance C, and this con- 
verter realises a simple method of convening a value of 
the initial charge q produced by charge generator 1 . 
[0036] When capacitors 15 are connected in series 
(all switches 16 are set in position I), the total input 
capacitance of the converter is small and is determined 
as Cin=C/n , where C is capacitance of each of capaci- 
tors 15, and n is the number of capacitors 15 in the con- 
verter. When charge generator 1 produced a small 
portion of charge q, then the voltage at the input of the 
converter will be greater and determined as Uin=nq/C . 
Further, owing to the connection in series, each individ- 
ual capacitor 15 will be charged by identical charge q. 
When afterwards all switches 16 we set in position II, all 
capacitors 1 5 will be connected in parallel. Such parallel 
connection of capacitors 15 will have capacitance of 
Cout=nC , and the charge of this capacitance will be 
equal to the sum of charges of all capacitors 15, i.e. 
equal to value Q=nq . The value of the voltage created 
at the output of the converter can be determined as 
Uout=Q/Cout=q/'C=Uin/n . Thus, the structure behaves 
as an n-times multiplier of charge q produced by charge 
generator 1 , its potential at the output of the converter 
being simultaneously reduced n times. Storing of elec- 
tric charges from a number of sequential acts of gener- 
ation of electric charges by charge generator 1 takes 
place in storing capacitor 8 connected to the output of 
said converter, via rectifier 1 4. 

[0037] Switches in Fig. 4 can be implemented both 
with mechanical control, and using the electronic means 
of switching. 

Industrial Applicability 

[0038] The invention allows an efficient use and 
storing of the electric energy from such sources as pie- 
zoelectric and triboelectric converters of mechanical 
energy, radioactive sources of charged particles, as well 
as from other generators of electric charges. 
[0039] Application of power supply apparatuses 
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corresponding to the invention is the most effective in 
autonomous electronic systems with a brief consump- 
tion of electric power supply, such as, for example, elec- 
tronic locks, electronic card readers, calculators, 
portable remote control signal transmitters, sensors, s 

[0040] Using the invention, radioactive charge gen- 
erators can be efficiently used for long-term power sup- 
ply for electronic systems that do not allow a frequent 
maintenance, such as, for example, artificial pacemak- 10 
ers, navigation radio beacons, signalling and alerting 
systems. 

[0041] The invention allows creating systems for 
storing solar energy by efficient conversion of mechani- 
cal energy of such inexhaustible sources of mechanical 75 
energy as energy of wind, waves and tide streams. 
[0042] The foregoing exemplary embodiment a 
method and apparatus of providing power supply 
for electronic systems are only illustrative and in no 
way limit the scope of the invention as character- so 
ised by the invention claims set forth herein. 



apparatus further comprises a converter of 
charges' energy, the input of which converter is 
connected to output of the electric charge genera- 
tor, and the output is connected to the input of the 
electric charge storage, said converter being capa- 
ble of increasing the number of the electric charges 
supplied to its input, and of reducing the potential of 
the electric charges at its output. 

6. An apparatus as claimed in Claim 5, characterised 
in that the electric charge generator is implemented 
on the basis of a piezoelectric element. 

7. An apparatus as claimed in Claim 5, characterised 
in that the electric charge generator is implemented 
on the basis of a triboelectric element. 

8. An apparatus as claimed in Claim 5, characterised 
in that the electric charge generator is implemented 
on the basis of a radioactive source of charged par- 
ticles. 



Claims 9. An apparatus as claimed in Claims 5-8, 

characterised in that the electric charge storage is 

1. A method of providing power supply for electronic 25 implemented in the form of capacitor, 
systems, comprising the step of conversion of a 

non-electric energy into the electric energy, and 10. An apparatus as claimed in any one of Claims 5 or 
storing of electric charges for electronic systems 6, characterised in that the electric charge con- 

power supply, characterised in that conversion of a verier is implemented in the form of a step-down 

non-electric energy into the electric energy is car- 30 transformer, the primary winding of which trans- 
ried out by generation of electric charges having a former is coupled to the output of the electric 

high electric potential, and prior to storing of electric charge generator, and its secondary winding is cou- 

charges performed is conversion of the charges' pled, via a rectifier, to the electric charge storage, 

energy accompanied with an increase of quantity of 

the initial electric charges and reduction of their 35 11. An apparatus as claimed in any one of Claims 5 - 
electric potential. 10, characterised in that said apparatus further 

comprises a brief-pulse driver connected between 

2. A method as claimed in Claim 1 , characterised in the output of the electric charge generator and the 
that conversion of a non-electric energy into the input of the electric charge energy converter, 
electric energy is carried out by a piezoelectric con- 40 

version. 12. An apparatus as claimed in any one of Claims 5-9, 

characterised in that the charge energy converter is 

3. A method as claimed in Ciaim 1, characterised in implemented in the form of a semiconductor con- 
that conversion of a non-electric energy into the verier, the input region of which converter, con- 
electric energy is carried out by triboelectric conver- 45 nected to the electric charge generator output, is 
sion. formed by a semiconductor structure intended for 

storing charges from the electric charge generator 

4. A method as claimed in Claim 1 , characterised in and for forming the avalanche break-down process 
that high-energy charged particles produced as a when a threshold voltage on said semiconductor 
result of a radioactive decay of a matter are used as so structure is exceeded, and the output region of the 
high-energy charged particles. semiconductor converter being defined by a region 

of separation and storing of the secondary charges 

5. An apparatus of power supply for electronic sys- created as a result of the avalanche break-down, 
terns, comprising a generator of electric charges, and coupled via a rectifier to the electric charge 
which generator uses conversion of a non-electric 55 storage. 

energy into the electric energy, and a storage of 

electric charges, output of which storage is the out- 1 3. An apparatus as claimed in any one of Claims 5-9, 
put of the apparatur, characterised in that said characterised \n that the charge energy converter is 
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12 



implemented in the form of a plurality of capacitors 
provided with a switching device intended for 
switching the capacitors from the in series connec- 
tion, needed for storing the charges from the elec- 
tric charge generator, to subsequent parallel 5 
connection allowing to add the charges stored at 
each of the capacitors, with a simultaneous reduc- 
tion of the potential of these charges at the con- 
verter output. 
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